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Turning to personal and household-level characteristics, income and benefits (also temporary in nature, e.g., sickness benefits) are found to be important as regards early retirement decisions -when accumulated income/wealth is presumably lower -compared to retiring beyond the legal retirement age. In the same vein, flexible working arrangements are found to be important in order to keep people at work beyond the legal retirement age, thus suggesting that making use of partial working schemes could modify retirement patterns towards postponing the labour market withdrawal.
Finally, this analysis shows that institutional measures (such as, state/health benefits, minimum retirement age) could not be sufficient alone if individuals withdraw earlier from the labour market due to a weakening of their health. Particularly, for early retirees, policies aimed at improving the health of the workforce and at keeping people who experience health problems active may be crucial.
Especially, these latter results have implications for the effectiveness of active labour market policies, by getting retired people back into work or helping the prolongation of long term employment spells.
Moreover, these findings are of importance for structural and macroeconomic policy, for instance, in increasing the employment of both people and hours worked against the background of population ageing.
INTRODUCTION
Population ageing is expected to result in a slowdown of labour force growth and, later, into its contraction and change in composition, as projected by the "2012 Ageing Report" by the European Commission (2011). While it is accepted that the demographic shift will add to pressure on the sustainability of public finances in many European countries, the implications for the long-term growth of the labour force are still open issues. If, on the one hand, labour demand is expected to be lower, owing to the shrinkage of the working age population, on the other hand, participation rates for certain age cohorts could increase as well given that working lives will be longer, foreseeing pension reforms.
Policy makers have been promoting the expansion of working lives finding measures to postpone the labour market activity. However, understanding in greater details the motivations for retirements could assist the formulation of policies that might encourage the return of retirees to employment or decrease the incentives of withdrawing earlier from the labour market.
Workers are often assumed to dace the choice of leaving the labour market based on their own preferences (Fengler, 1975; Hayward, Grady and McLaughlin, 1988) and/or based on the trade-off between market work versus home production or leisure (for an overview see Duggan, 1984; Bazzoli 1985; Blöndal and Scarpetta 1999; Duval 2003; Gruber and Wise 2002; Meghir and Whitehouse 1997) . This latter specification has been particularly supported in modern micro-founded models (e.g., of the New Keynesian type) for macroeconomic analysis. In practice, however, different constraints can influence the labour force participation decisions of the elderly.
In this paper a wide set of socio-economic and environmental variables is employed to study exits into retirement in the EU. Based on longitudinal data from the Eurostat Survey on Income and Living Conditions (EU-SILC), covering the period 2004-2009, we analyse the probability of retiring at a given age, given that the person has not retired yet. In particular, we study the transitions from employment into (early) retirement by using a hazard based duration model framework (see also Diamond and Hausman, 1984; Hagan, Jones and Rice, 2009; Jones, Rice and Roberts, 2010) .
Our findings point to the existence of no significant differences, on average, in the patterns of retirement between euro area and the EU non-euro area countries. Moreover, shifts into retirement have increased during the onset of the 2009 economic and financial crisis, when controlling for income effects.
Income and benefits (also temporary in nature, e.g., sickness benefits) are found to be important also as regards early retirement decisions -when accumulated income/wealth is presumably lowercompared to retiring beyond the legal retirement age. In the same vein, flexible working arrangements are found to be important in order to keep people at work beyond the legal retirement age.
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Finally, the analysis shows that, among all the examined institutional measures (such as, state/health benefits, minimum retirement age, etc.), none could be sufficient alone if individuals withdraw earlier from the labour market due to a weakening of their health. Particularly, for early retirees, policies aimed at improving the health of the workforce and at keeping people who experience health problems active may be crucial.
Particularly, these latter results have implications for the effectiveness of active labour market policies, by getting retired people back into work or helping the prolongation of long term employment spells. Moreover, the findings are of importance for structural and macroeconomic policy, for example, in increasing the employment of both people and hours worked against the background of population ageing.
The reminder of the paper is organized as follows: Section 2 describes the data and provides a brief descriptive analysis. Section 3 presents the econometric strategy. Section 4 outlines the main results. Hanoch and Honig, 1983; Mitchel and Fields, 1984; Dugan, 1984; Ruhm, 1990) .
2 An individual's transition from employment into retirement is the event of interest in this study. From the EU-SILC, we construct transitions from employment to retirement, or of remaining in employment, based on each respondent's current and past activity status.
Moving from employment to retirement, or retiring in the next period, is typically referred to as a 'failure' event which can occur at any point in time after an 'onset of risk' period is defined. Here, the 'onset of risk' period is defined as each individual's first entry into the labour market.
To analyse transitions from employment into retirement, a hazard based duration model framework is employed (see, Diamond and Hausman, 1984; Hagan, Jones and Rice, 2009; Jones, Rice and Roberts, 2010) . This allows modelling the length of time spent at work before moving into retirement. The dependent variable is thus the amount of time that an individual spends in employment before entering retirement (i.e. employment duration).
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One statistical motivation for employing a duration analysis framework includes the presence of censored and left-truncated data. In practice, not all observations' full history is observed until the 'failure' event. This naturally classifies the EU-SILC data as right-censored. Instead, the left truncation problem refers to the fact that individuals become at risk or even fail before we can enrol them in the study (see Figure 1 ).
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Left truncation is a natural feature of our data and involves the impossibility of tracking individuals over the whole working life. Taking into account this particular data structure, an individual's full employment history is inferred based on retrospective information about the age at which he / she first started to work and the years spent on paid work. This formalisation does not clearly take into account the possibility of multiple 'failure' events within the same employment history, but rather assumes that each individual's working history is continuous until retirement.
In the same vein, individuals can enter the observation period / being enrolled in the study upon having already retired. Here, an important difference compared to standard duration analyses is that the failure event does not represent a rationale for an individual to drop out of sample (e.g., as death).
Whenever enrolment occurs conditional on a previous retirement event (see Figure 1 (b)), there may exist a positive difference between employment duration and the year of enrolment in the study, representing a gap of information about each individual's activity between the period he / she ceased working and the period he / she became under observation. Only those with a gap < |G|, where G is arbitrarily chosen, as well as those reporting to have most recently changed their activity status 'from employment to retirement' are considered in this analysis. The gap variable is however not restricted to be exactly zero, i.e. G = 3, allowing for reporting errors in (i) age, (ii) age of the first job and (iii)
Figure 1: Examples of left truncation in the EU-SILC data
the number of years spent on paid work. Importantly, this is not found to significantly affect our results, as the inclusion of a whole set of covariates in the regressions will anyway require censoring on many of these individuals with 0 < gap < |G|.
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As individuals' working histories are inferred based on retrospective questions, only the last spells are considered, for individuals employed at all times. Conversely, only the spell of retirement is considered for individuals retired in the sample. This allows data tractability in such a duration analysis framework.
The dataset employed consists of 209183 individuals. Out of this number, 6756 individuals, that is just over 3% of the sample, are observed retiring. As Table 1 suggests, the majority of these retirees ceased working at the age of 55 or later. Women represent nearly 40% of the sample. Gender representation is reversed for ages between 55 and 59, where women represent the majority of the sample considered. In general, female workers retire earlier than males. Nearly 50% of female workers enter into retirement before the age of 60, compared to 35% of the male workers.
In our sample, the age of retirement spans from a minimum of 20 years to a maximum of 80 years, with the average occurring at the age of 60.4 and the median at 60. Thus, the distribution of retirees is clearly skewed towards older people (see Table 2 ).
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EMPIRICAL METHODOLOGY
In this paper we employ a hazard based duration model framework to study the transitions from employment into retirement. The main advantage of using duration analysis is that it allows modelling the length of time spent in a given state (i.e., employment) before moving into another state (i.e. retirement). Relative to other approaches such as those that focus on the unconditional probability of an event taking place (e.g., probit or logit models), our focus here is on the conditional probability, or, the probability that the spell of one particular status (e.g., employment) will end in the next short interval of time, given that it has lasted until recently.
As the analysis is concerned with the timing of the observed change from employment to retirement (or 'failure' event, see Section 2), it makes sense to conceptualize the length of each individual j's employment spell as a random variable, Tj . 5 Assuming Tj has a continuous probability distribution ) (t f , where t is a realisation of j T , the cumulative distribution function of T will be given
. This says that the survival function for the j-th individual, or the probability that his employment spell T is of length at least equal to t, is:
Conversely, the hazard rate (or instantaneous failure rate) for individual j at time t, is defined instead as the marginal probability of immediate retirement, conditional on not having retired before time t:
This class of models can be distinguished between non-parametric, semi-parametric and full parametric models on the basis of whether they predict the probability distribution of a certain event by means of a set of additional covariates. While parametric models are widely used across numerous fields of economics, the Cox proportional hazard model (Cox, 1972; has proven particularly flexible. Compared to fully parametric approaches, a key benefit of this approach is that it allows to "avoid having to make assumptions about the nature of the duration times in the first place" (BoxSteffensmeier and Jones, 2004) . In other words, the Cox model makes no assumption about the shape of the hazard function or about how covariates may affect this shape. 6 Thus, the Cox semi-parametric approach is regarded as a benchmark in this paper, whereas non-parametric (Section 4.1) and fully 11 parametric (Appendix) approaches are employed for preliminary investigation of the data and robustness checks respectively.
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In the Cox model, the hazard for the j-th individual in the data is assumed to be:
where β ′ is the vector of regression coefficients; x a vector of covariates which influence the hazard rate; and ( ) t h 0 is the baseline hazard function. 8 By default, the model assumes a baseline hazard that is common to all the individuals in the study population. In this way, covariates act multiplicatively on the baseline hazard, adding additional risks on an individual basis, as determined by the individuals' prognostic information. This gives the model a simple and easily understood interpretation. The main idea behind it is the separation of the time effect in the baseline hazard function, on one side, and the effect of the covariates in an exponential term, on the other. In essence this assumption says that the hazard of failure at time t is related to individuals or groups of individuals by a proportionality constant which does not depend on t.
FRAILTY MODELS
When observations are conditionally different in terms of their hazards due to unobserved heterogeneity, standard models, as the one just described, may lead to spurious duration dependence. Hence, fitting a normal duration model, e.g. equation (3), would simply not recognise that some observations are more 'frail' (or, failure prone) than others.
A first possible solution would be to include fixed effects. However, it has been shown that fixed effects are not a viable alternative in this context, as there is an incidental parameter problem that leads to inconsistent and deflated standard errors (see Box-Steffensmeier and Zorn, 2001; Zorn, 2000) . An alternative method is to use random effects or 'frailty' models instead. The basic idea behind frailty models is to introduce an additional random parameter into the hazard rate accounting exactly for unobserved heterogeneity. Frailties may be individual-specific or group-specific. Models constructed in terms of group-level frailties are typically referred to as 'shared' frailty models because observations within a sub-group are assumed to share unmeasured risk factors prompting them to fail earlier. Lancaster (1979) proposed a parametric mixed proportional hazard model, accounting for unobserved 'frailties', which is a generalization of Cox's (1972) approach. This specifies the hazard rate for the jth individual as (see also Box-Steffensmeier and Jones, 2004; Zorn, 2000) :
describes the individual-or group-specific unobserved heterogeneity. For identification purposes, the mean of v is typically normalized to unity and its variance is assumed to equal an (unknown) parameter θ .
11 Compared to the standard Cox (1972) regression approach, integrating v out leaves with the only problem of estimating the additional parameter,θ , in the survivor function:
RESULTS

NON-PARAMETRIC ANALYSIS
In order to summarise the data and visualise the distribution shape of employment duration for the sample or for separate groups, non-parametric estimation of the survivor and hazard functions relying on product-limit estimators are introduced. 13 Table 3 achieved at a certain date or the age of first entry into the pension system.
As shown in Table 3 , after 45 years of work the probability of remaining in employment is around 0.64, indicating that roughly 36% of the sampled individuals where retired. Furthermore, the NelsonAalen cumulative hazard suggests that the hazard of exiting into retirement increases monotonically.
14 Survivor functions from employment to retirement across different categories, as well as by country, are plotted in Figure A1 and A2 in the Appendix. 
SEMI-PARAMETRIC ANALYSIS
In this section, estimates of the semi-parametric Cox proportional hazard models are presented. As discussed in Section 3, parametric analysis offers an advantage over the non-parametric methods, as it allows predicting the probability distribution of retirement by means of a set of additional covariates.
In what follows the joint effect of various individual and labour market characteristics affecting the probability of exiting into retirement is analysed.
In Table 4 , the estimated results from the Cox's proportional hazard model are reported. 15 The reported coefficients are hazard ratios. 16 As explained in Section 3, a 'shared' frailty model is employed where the sub-groups are selected according to the number of countries in our sample (26 countries). Thus, the model assumes that observations share group-specific, unmeasured, risk factors that prompt exits into retirement. As the frailty terms explicitly account for the extra variance associated with such risk factors, we can evaluate the hypothesis that 0 = θ to determine whether the choice of treating unobserved heterogeneity in the model is motivated. Supporting our concerns, the nested model under 0 = θ is always preferred to the reference non-frailty model according to the relevant LR test at the bottom of Table 4 .
Focusing on the regression results, the estimated hazard ratios indicate that there is no significant difference in the patterns of retirement between residents in the euro area (EA) and EU non-euro area countries. Moreover, the results suggest that the onset of the global financial crisis (2009) significantly increased flows into retirement. However, it is only when controlling for household disposable income and personal benefits that we achieve this result. When omitting the income variables from the regression, the result rather suggest that the hazard to retire decreased in 2009. 17 The importance of the income variables for the result of the 2009 crisis on the hazard to retire may stem from the fact that wealth for people eligible to retirement generally became at risk in 2009, with income to cover basic expenses in retirement running short because of the financial crisis.
18 15 A sensitivity analysis is performed in the Appendix showing that the results from the Cox proportion model are robust also when using full parametric models. 16 A coefficient of, e.g., 0.5 for a dummy variable is interpreted as lowering the exit rate from employment to retirement by a half. For a continuous variable, a coefficient of 0.5 implies that a one unit change in the variable is associated with a hazard rate of 1/2 as large and an n unit change in the variable is associated with a hazard rate (1/2) n as large.
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From Table 4 we also find that setting a minimum retirement age reduces the hazard to retire. This can be interpreted in the light of providing workers with a yardstick or a minimum number of years with payment to social security before they become eligible to retire.
Beyond more institutional factors, the participation of elderly workers is also affected by a wide set of socio-economic and environmental variables such as gender (female) and occupation groups (occ.
group). While we find increased movements toward retirement among female workers, we do not find any statistical difference as to whether a person is married or not. Besides, the personal characteristics typically associated with higher education (skilled) are not found to generally lead workers to work longer than their less-educated counterparts. This is somewhat consistent with the findings in Autor and Dorn (2009) reporting an inverted U-shape relationship between skills and changes in the mean age, suggesting that occupations in the bottom and top deciles of the skill distribution tend to work on average less than people with middle-skill jobs.
Working (or having worked) part-time plays an important role in reducing the hazard to retire. This is consistent with the recent evidence (see, inter alia, Machado and Portela, 2012) that retirement is no longer likely to be a discrete choice: with some workers exiting from full-time employment and making use of flexible working schemes before withdrawing completely from the labour market.
Furthermore, some occupation groups are found to have important explanatory power. Compared to the category of professionals, technicians and associate professionals (occ. group =1), those belonging to the category including service, skilled agricultural and fishery workers (occ. group =2), and those with elementary occupations (occ. group =5), show a significantly lower probability to retire. Albeit with such sectoral categories it is not possible to distinguish between private or public sector employees (see Table A3 , in the Appendix), these results probably reconcile with the idea that formal workers are expected to retire earlier than casual workers and self-employed, typically belonging to some of the categories listed above (i.e., elementary occupations, agriculture and fishing).
Looking at the income variables, household disposable income ultimately does not exert an influence on retirement decisions in our sample. Nevertheless, the interaction between working part-time and disposable income (part-time x disp. income) significantly reduces employment duration. This result suggests that there exist a level effect of income when employment is not full-time, or, the exposure to the current (or past) level of income is higher when not working full-time (see also Blake, 2007; Montalto, 2001 ).
Income supports are very likely to influence the labour supply of the aged as well, given that unemployment schemes may induce older workers to seek part-time jobs or to withdraw earlier from the labour market. 19 The variation in age of eligibility for social security benefits (old age, disability and/or sickness benefits) can particularly affect the sustainability of the retirement status. It should be borne in mind that the effect of pension schemes and benefits are not exogenous to income, as pension scheme produce inter-temporal substitution effects (i.e. with a postponement of the retirement age today in favour of an expected higher pension return tomorrow). In this setting, receiving positive old age benefits or unemployment benefits significantly increases retirement decisions, in line with the idea that social insurance schemes such as disability benefits significantly increase flows out of employment (see estimated hazard ratios in Table 4 ). Consistently, sickness benefits, representing cash benefits that replace (in whole or in part) loss of earnings during temporary inability to work, are not found to significantly affect the hazard to retire.
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In line with the literature, our findings also point to the fact that health is an important determinant of retirement, as healthier people are found to continue to work and retire later (see inter alia, Bound, 1991; Jones et al., 2008; Deschryvere, 2005; Disney et al., 2006) . 21 Overall, however -as highlighted by a growing literature (e.g., Jones et al. 2008; -measures of health are subject to an endogeneity problem. There are several reasons on why to expect an endogeneity bias when using self-reporting measures of health. First, self-reported health is based on subjective assessments which may not be comparable across individuals (Lindeboom, 2006; Lindeboom and van Doorslaer, 2004) .
Second, there is an obvious simultaneity problem between self-reported health and the labour market status, given that health problems may represent a legitimate reason for a person in the working age to be outside the labour market (Kerkhofs and Lindeboom, 1995; Kreider, 1999) . Finally, for some individuals there may be incentives to report health problems as a mean to obtain disability benefits (i.e., the so-called 'disability' route into retirement, see Blundell et al., 2002) .
Many studies in the literature typically use an instrumental variable approach, by adopting more 'objective' measures of health to instrument self-reported health measures. Along these lines, an 'individual health stock' is normally constructed, where self-reported health is regressed on a set of specific health problems (see also, Griliches, 1974; Fuller, 1987) . As such questions concerning specific health problems are not available in the EU-SILC, we take into account the possibility that anticipated retirement may justify the reporting of bad health by, first, including a dummy whenever individuals receives disability benefits. This allow us to control for possible 'disability routes' into retirement (Blundell et al., 2002) . Further, to assess the robustness of our previous findings, alternative health measures are employed, along with the usual set of covariates. More specifically, in Table 5 measures arguably less prone to reporting bias than self-reported health are employed, such as a measure of health limitations (limit) and chronic diseases (see Jones et al., 2008; . 20 Note that, in the EU-SILC, unemployment benefits also include (see also Table A3 ):
(i) Partial unemployment benefits compensating for the loss of wages or salary due to formal short-time working arrangements, and/or intermittent work schedules, irrespective of their cause, and where the employer/employee relationship continues.
(ii) Early retirement for labour market reasons, including periodic payments to older workers who retire before reaching standard retirement age due to unemployment or to job reductions caused by economic measures such as the restructuring of an industrial sector or of a business enterprise. These payments normally cease when the beneficiary becomes entitled to an old age pension. Thus, receiving unemployment benefits may unveil information about part-time working schemes and early retirement patterns in some cases. 21 For a survey of the literature see Deschrivere (2005) .
Using alternative health measures has generally a size effect on the coefficients of interest while it does not affect their sign and / or significance. Thus, independently of the proxy employed, health status is an important determinant of retirement decisions. Note: All regressions include a full set of covariates as in Table 4 . The whole results are available upon request from the authors. Standard errors in parentheses. *** denotes p<0.01, ** p<0.05, * p<0.1. See Table A3 for data and definitions.
To assess whether a change in labour market status from employment to retirement is more influenced by a (negative) shock to an individual health or a level effect via slow health deterioration, a 'health shock', or a lagged health variable, is included in the regression, following the discussion in Jones et al. (2010) . It seems plausible that the health lag is more informative about the decision to retire than current health as it normally takes time to entirely adjust to health limitations and to allow an individual to gauge his reduced ability to work over time. The use of health lag has the great advantage of reducing any endogeneity bias by observing the timing before the decision to effectively retire (see Jones et al., 2010) . In Table 4 , the effect of the health shocks is significant. This is broadly consistent with the evidence obtained when using alternative health shock measures (see Table 5 ).
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Occupation statuses and health effects are important also as regard to individuals' partners. For instance, predictions regarding a joint labour market decision of old couples can derive from a family labour supply model like the one proposed by Killingsworth and Heckman (1986) were couples 22 Health is also important as concern the interaction with occupation groups (occ. group). Such an interaction term suggests that those who work in craft and related trades workers (including heavy works such as extraction and building) have higher incentives to retire due to (reported) health problems. For sake of brevity these results are not reported in Table 4 , but are available upon request from the authors.
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maximise a single utility function subject to a household budget constraint with pooled income. The analysis in this paper confirms the prediction that having a partner retired significantly increases the hazard to retire, compared to having a partner employed. This is in line with the idea that the primary reason for partners to retire together is shared preferences / substitution effect for leisure against working longer, with each partner valuing more retirement when the partner is retired as well (see Killingsworth and Heckman, 1986; Hurd, 1990; Michaud, 2003) . Moreover, individuals with partners reporting bad health are generally associated with a lower probability to retire compared to individuals with partners reporting better health status (see also Wu, 2003) .
EARLY-RETIREMENT DECISIONS
Until now the analysis has focused on individuals retiring. However, understanding the motivations to retire earlier (before the legal retirement age), compared to standard retirement patterns, represent an important factor of analysis. This can be important, especially in the light of assisting the formulation of policies that might encourage early retirees to stay at work.
Cox estimates of early retirement decisions are reported in Table 6 . Although the results are similar to those presented for the full sample, significant differences do exist. In particular:
• Working (or having worked) with a part-time contract does not play a significant role in reducing the hazard to retire early. This finding, combined with the result in Table 4 , may suggests that a gradual reduction in hours worked over the last segment of the working life can contribute to increased employment of older workers, beyond the legal retirement age.
• Higher disposable household income and state / health benefits -including those temporary in nature, such as sickness benefits -significantly increase the hazard to retire early, compared to standard retirement decisions. This suggests that the choice of pre-retiring should be considered in the light of the expected retirement needs, or the evaluation of whether the accumulated income / wealth prior to retiring is considered adequate to sustain the future retirement status. In this vein, early retirements are more sensible to income effects (including short term benefits) compared to retiring after the legal retirement age. Along the same lines, and opposite to the results in Table 4 , the interaction term between part time and income does not exert any significant effect on early retirement decisions.
• Finally, focusing on the individual health status, we show that -analogously to the findings in Table 4 -people with health problems are generally found to discontinue employment and retire earlier. However, the health coefficient for people retiring below the legal retirement age is twice as big the one reported in Table 4 . This points to the fact that, among all the institutional measures 21 scrutinized (long term and short term benefits, minimum retirement age, etc.), none could be sufficient alone if individuals withdraw earlier from the labour market due to a weakening of their health. Particularly for early retirees, policies aimed at advance retirement by improving the health of the workforce and at keeping those who experience health problems active may be essential. Table A3 for data and definitions.
FRAILTY TERMS
To control for the fact that some countries may be more prone to retirement than others for unobserved reasons not captured by our covariates, a 'shared' frailty model has been used. The terms for the 26
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EU member states from our 'shared' frailty model are shown in Figure 2 . Particularly, the panel on the left-hand side of the figure show the estimated frailty terms from the regression in Table 4 . The righthand side panel of Figure 2 shows results the results from the regression in Table 6 . Cases above the 0 line are the most failure-prone ones.
The results, in Figure 2 , provide a mixed picture with some large euro area countries lying below the zero line (i.e. Italy, Spain, the Netherlands) while others, e.g. France and Belgium, lying slightly above zero. These results confirm our previous findings, suggesting that the hazard to retirement is mixed and can not be reconciled with membership to the euro area. For the early retirement regression, the picture changes only slightly with some countries moving around the zero line (e.g. France, Italy and Denmark).
Although, there are no significant differences across regions there are clear differences across countries. On average, however, more prone to retirement countries are also those who are more prone to retire earlier.
Figure 2 Frailty terms for EU member states, retirement (left-hand side) and early retirement (righthand side)
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CONCLUSIONS
Schemes to curb public expenditures by increasing the minimum retirement age represents important arguments of discussion in the bargaining set up (see also Hicks, 2011) . However, understanding in greater details the motivations for retirements could assist the formulation of policies that might encourage the return of retirees to employment or decrease the incentives of withdrawing earlier from the labour market.
Workers are often assumed to dace the choice of leaving the labour market based on their own preferences (Fengler, 1975; Hayward, Grady and McLaughlin, 1988) and / or based on the trade-off between market work versus home production or leisure (for an overview see Bazzoli, 1985; Blöndal and Scarpetta, 1999; Duval, 2003; Gruber and Wise, 2002; Meghir and Whitehouse, 1997) . In practice, however, different constraints can influence the labour force participation decision of the elderly.
In this paper a wide set of socio-economic and environmental variables is employed to study exits into retirement in the EU. Based on longitudinal data from the Eurostat Survey on Income and Living Conditions (EU-SILC), over the period 2004-2009, we analyse the probability of retiring at a given age, given that the person has not retired yet. A number of stylized facts are documented.
First, after controlling for (un)measured risk factor affecting the hazard to retire in each country, we find no significant differences, on average, in the patterns of retirement between residents in the euro area and the EU non-euro area countries. Second, shifts into retirement have increased during the onset of the 2009 economic and financial crisis, when controlling for income effects. Income and benefits are found to be important also as regards early retirement decisions, when accumulated income / wealth is presumably lower, compared to retiring beyond the legal retirement age. In the same vein, flexible working arrangements are found to be particularly important for workers to keep working beyond the legal retirement age. Thus, making use of partial working arrangements could modify retirement patterns towards postponing the age of withdrawing from the labour market.
Finally, this analysis shows overall that, among all the institutional measures scrutinized (state/health benefits, minimum retirement age, etc.), none could be sufficient alone if individuals withdraw from the labour market before the legal retirement age due to a weakening of their health. Particularly, for early retirees, policies aimed at improving the health of the workforce and at keeping people who experience health problems active may be essential.
All in all, by jointly testing for a wide set of factors affecting retirement decisions in the EU, the results of this paper illustrate that adequate policies to retain old workers at work can only be appropriately formulated once the determinants of retirement decisions are fully understood and modelled. In our knowledge, this paper represents a first attempt in this direction for the whole EU. 
No benefits Benefits
Old age benefits Note: Test results, i.e. log-rank (Mantel and Haenszel, 1959) and Wilcoxon (Breslow, 1970; Gehan, 1965) , for the equality of the different survivor functions suggest that the equality of the survivor functions is rejected. from a full-parametric model. 23 As discussed in Section 3.1, when applying parametric models it is necessary to specify a certain functional form of the hazard rate that fits the data. The likelihood-ratio or Wald test can be used to discriminate between groups of nested models (Cleves et al., 2010) . In the present case, the results of the likelihood-ratio test indicate that the generalized gamma distribution fits well. 24 However, when models are not nested, likelihood-ratio or Wald test tests are not appropriate and an alternative statistic has to be used. The most common is the Akaike Information Criterion (AIC). Akaike (1974) proposed a method penalising each models' log-likelihood to reflect the number of parameters being estimated and then comparing them.
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In Table A1 an overview of the computed AIC scores is presented. There are slight differences in the value of the log-likelihood function between the models. Although the log-logistic distribution scores best, the results reveal that the Weibull model is the preferred specification in the proportional hazard form. 26 Note, also that the Weibull model has virtually the same AIC scores as the log-logistic one.
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Furthermore, as shown in the non-parametric analysis above, the hazard of exiting into retirement exhibits a monotonically increase. Thus, based on these combined assessment, the more reasonable Weibull distribution is employed. 28 Estimates using the log-logistic distribution do not produce any relevant differences compared to the Weibull estimates, suggesting that the selection effect of using distributions other than the Weibull is limited. 23 One of the assumptions underlying the Cox model is the proportional hazards assumption. Evaluating the robustness of the estimated Cox proportional hazard models, it is shown (from the results in Section 4.2) that the joint Wald test of all coefficients equal to 0 is rejected at a standard significance level in all cases. However, the test of the proportional hazards assumption using Schoenfeld's (1982) residuals is rejected. Since we are more interested in the parameter estimates than the shape of the hazard in this paper, the Cox proportional hazard model is, nevertheless, well-suited to this goal. 24 We start from a generalized gamma model for evaluating and selecting an appropriate parametric model. We test the hypothesis that the ancillary parameters for the generalized gamma distribution (with standard deviation) kappa = 0 (model is log-normal); kappa = 1 (model is Weibull); and kappa = 1 and sigma = 1 (model is exponential). By testing the appropriate restrictions, it is found that we can reject the log-normal, the Weibull and the exponential distribution against the gamma for all samples. 25 The AIC compares the likelihood scores while taking into account the degrees of freedom used in each model. AIC = -2* log-likelihood + 2 * (k + c), where k is the number of model covariates and c the number of model-specific distributional parameters.
26 Since the Weibull can be specified in both the proportional hazard and accelerated failure time form we can compare it to other accelerated failure time distributional forms.
27 This is the case also for the generalized gamma distribution. 28 The Weibull model assumes a baseline hazard of the form h 0 (t) = pt p-1 exp(β 0 ), where p is some ancillary shape parameter estimated from the data, and the scale parameter is parameterised as exp(β 0 ). The Weibull distribution can provide a variety of monotonically increasing or decreasing shapes of the hazard function, and their shape is determined by the estimated parameter p. 
Dependant variables Employment duration
The amount of time that an individual spends in employment before entering into retirement.
Employment duration, early
The amount of time that an individual spends in employment before entering into early retirement (before the legal retirement age). Explanatory variables Activity Main activity status during the income reference period. If the main activity is not 'a job or business', the status is self-defined. The main activity status during the income reference period is 'at work' if the respondent worked (or was in paid apprenticeship or training) the majority of weeks during the income reference period. If a person spends the same number of weeks in different activities, priority should be given to economic activity ('main activity job or business') over non-economic activity and over inactivity. Disposable income (Log) total disposable household income. This includes the sum for all household members of gross personal income components (gross employee cash or near cash income; gross non-cash employee income; company car; employers' social insurance contributions; gross cash benefits or losses from self-employment (including royalties); value of goods produced for own consumption; pensions received from individual private plans; unemployment benefits; old-age benefits; survivor' benefits, sickness benefits; disability benefits and education-related allowances plus gross income components at household level (imputed rent; income from rental of a property or land; family/children related allowances; social exclusion not elsewhere classified; housing allowances; regular inter-household cash transfers received; interests, dividends, profit from capital investments in unincorporated business; income received by people aged under 16) minus (employer's social insurance contributions interest paid on mortgage; regular taxes on wealth; regular interhousehold cash transfer paid; tax on income and social insurance contributions). Part-time X disp. income Interaction term between part-time and disposable income.
Employed
Old age benefits Equals 1 if the individual receives non-zero old age benefits. By definition, the old age function refers to the provision of social protection against the risk linked to old age, loss of income, inadequate income, lack of independence in carrying out daily tasks, reduced participation in social life, and so on. Old age benefits cover benefits that: provide a replacement income when the aged person retires from the labour market, or guarantee a certain income when a person has reached a prescribed age.
Disability benefits
Equals 1 if the individual receives non-zero disability benefits. Disability benefits refer to benefits that provide an income to persons below standard retirement age whose ability to work and earn is impaired beyond a minimum level laid down by legislation by a physical or mental disability. Disability is the full or partial inability to engage in economic activity or to lead a normal life due to a physical or mental impairment that is likely to be either permanent or to persist beyond a minimum prescribed period.
Sickness benefits
Equals 1 if the individual receives non-zero sickness benefits. Sickness benefits refer to cash benefits that replace in whole or in part loss of earnings during temporary inability to work due to sickness or injury. Being temporary in nature, those include only paid leave or cash benefits in case of self-reported sickness or injury or that of a dependent child.
Unempl. benefits
Equals 1 if the individual receives non-zero unemployment benefits. Unemployment benefits refer to benefits that replace in whole or in part income lost by a worker due to the loss of gainful employment; provide a subsistence (or better) income to persons entering or re-entering the labour market; compensate for the loss of earnings due to partial unemployment; replace in whole or in part income lost by an older worker who retires from gainful employment before the legal retirement age because of job reductions for economic reasons; contribute to the cost of training or re-training people looking for employment; or help unemployed persons meet the cost of travelling or relocating to obtain employment.
Health
Equals 1 if the individual assesses his health is 'very bad'. The measurement of selfperceived health is, by its very nature, subjective. The notion is restricted to an assessment coming from the individual and not from anyone outside that individual. The reference is to health in general rather than the present state of health, as the question is not intended to measure temporary health problems. It is expected to include the different dimensions of health, i.e. physical, social and emotional function and biomedical signs and symptoms. It omits any reference to an age as respondents are not specifically asked to compare their health with others of the same age or with their own previous or future health state. The purpose of the instrument is to measure the presence of long-standing limitations, as the consequences of these limitations (e.g. care, dependency) are more serious. The period of at least the last 6 months is relating to the duration of the activity limitation and not of the health problem. The answer to this question is yes (1 or 2) if the person is currently limited and has been limited in activities for at least the last 6 months.
Chronic
Equals 1 if the individual reports to suffer from any a chronic (long-standing) illness or condition.
